Abstract. The seasonal variations in chlorophyll a and micronutrients values were studied in Obhur creek near Jeddah, Saudi Arabia for one complete year (Oct. 1997-Oct. 1998). The chlorophyll a levels varied between 0.015 mg chl-a. m 3 and 0.158 mg chl-a m 3 showing prominent peaks in winter and autumn. Among nutrients, nitrate (average 1.12 µg-at / l) was present in higher concentrations than ammonia (average 0.39 µg-at / l) and nitrite, being the lowest (average 0.06 µg-at / l). The values of phosphate and silicate were also very low with average of 0.15 and 0.29 µg-at / l respectively. In general nutrients did not show any constant pattern of seasonality and were poor in concentration reflecting the oligotrophic conditions typical of the Red Sea.
Introduction
The Red Sea, a semi-enclosed water body is located in an arid zone. It has a surface area of about 5 × 10 5 km 2 and mean depth of about 500 m. In recent years the environmental conditions in the coastal area have changed due to the increasing development activities and utilization of the Red Sea coast. Billions of Riyals have been spent on coastal constructions because of the rapid economic development and industrialization of Saudi Arabia. As a result, the environment of the Red Sea, especially the coastal areas, is seriously threatened, due to oil pollution, and the increase in sewage and industrial effluents discharged into the coastal areas (Anon, 1976) . Consequently, these changes may affect the environmental factors such as the concentrations of micro-nutrients in the sea water. Nutrient salts usually play an important role for the abundance of phytoplankton, which affect the fertility of the sea water. Some previous studies on the presence of nutrients in the Red Sea water deal with short period determination. (El-Rayies et al. 1982; Saad & Fahmy, 1984 (a and b) ; Behairy & Saad, 1984; Al-Harbi et al., 1998 and Hariri et al., 1998) . Little attention has been paid to standing crop of phytoplankton compared to nutrient studies Mcgill & Lawson (1966) ; Dowidar & Shaikh (1984) and Khomayis (2002) . The concentration of various organic and inorganic nitrogen species are mainly controlled by biological factors. Phytoplanktons play a vital part in that as they synthesize proteins from nitrate, nitrite and ammonia. Those types of organisms which have silicious frustules also require a supply of silicon, e.g. diatoms.
The present study deals with annual cycle of chlorophyll a values along with micronutrient salt contents in Obhur creek near Jeddah.
Materials and Methods
Samples of sea water were collected from two stations, station 1 is located at the mouth of the Obhur creek, whereas station 2 is inside the creek (Fig. 1) . Sampling was carried out every two weeks in the morning at 8:00 AM local time for a full year (October 1997 to October 1998). Surface water samples were collected by a Labcal water sampler. Ten liters of sea water were collected from each station and brought back to the laboratory for analysis. Nitrite, nitrate, ammonium, phosphate, and silicate were analyzed, using the method based on Strickland and Parsons (1972) . Chlorophyll a determination was done according to the method described by Richards and Thompson (1952) with some modification by Creitz and Richard (1955) in addition to the acidification stage by Lorenzen (1967) and a few minor changes by Strickland and Parsons (1972) .
Results
Levels of Chl-a, nitrite, nitrate, ammonia, phosphate and silicate at stations 1 and 2 are shown in Fig. (2-7) during the study period.
Chlorophyll a showed several peaks indicating the variations at each station (Fig. 2) . Station 1 showed three clear peaks during autumn, winter and summer and a small one during spring. On the other hand station 2 showed the similar pattern, however, the spring peak was distinct than at station 1. Chlorophyll a ranged between 0.015 and 0.15 mg chl-a m 3 at station 1 with annual average of 0.05 mg chl-a m 3 , while the range at station 2 was between 0.015 and 0.158 mg chl-a m 3 . Maximum values appeared at the beginning of Oct. 1997 with value of 0.158 and 0.15 mg chl-a m 3 at station 2 and 1 respectively. The concentration of chlorophyll varies spatially and temporally. As usual nitrate levels were higher than nitrite. The monthly variations of nitrate at both stations (Fig. 4) showed almost the same trend with an annual average of 1.12 µ mol l -1 for station 1 and 1.1 µ mol l -1 for station 2. Lowest values were recorded during autumn 1997, while highest value of 1.88 µ mol l -1 was observed at station 2 in September 1998. Levels of nitrite showed slightly high levels at station 1 than station 2 (Fig.  3) , with averages of 0.06 and .05 µ mol l -1 respectively. The temporal distribution of nitrite showed several peaks during the study period. However, similar trend occurred almost at the two stations. Highest value of 0.15 µ mol l -1 was found at station 1 during December 1997 and September 1998, while the highest at station 2 with 0.12 µ mol l -1 was recorded during March 1998. An odd reading of phosphate contents (0.94 µ mol l -1 ) appeared at station 1 (Fig. 6) during October 1997. The other values of phosphate showed the similar monthly trend at the two stations with annual average of 0.15 µ mol l -1 for station 1 and 0.11 µ mol l -1 for station 2.
The concentrations of ammonia remained almost low during most part of the year with the exception of highest level of 1.96 µ mol l -1 was recorded during autumn (October) 1997 at both stations (Fig. 5) . The annual averages were 0.39 µ mol l -1 and 0.30 µ mol l -1 for station 1 and 2 respectively. 
Discussion
Chlorophyll a concentration in terms of phytoplankton biomass generally fluctuates from time to time particularly in coastal waters. Phytoplankton population and growth depends on several factors which are variable with different seasons and regions. Among the factors affecting photosynthesis rates is the concentration of nutrient salts. The variations of phytoplankton growth are complicated due to the interaction between ecological factors and rates of regeneration of nutrients.
Al-Gindy and Dorgham (1992) reported a chlorophyll a concentration of 1.18-0.7 mg.l -1 in the Arabian Gulf and 0.55-0.12 mg/l in the Gulf of Oman.
Little attentions has been paid to the standing crop in Red Sea. The first determination of Chlorophyll a. has been carried out in Red Sea by Mcgill and Lawson (1966) . Measurements of chlorophyll a found by Dowidar and Shaikh (1984) ranged between 0.12 and 3.7 mg chl/l, while Khomayis (2002) found that chlorophyll values in Jeddah coastal waters, generally ranged between 0.02 and 9.81 mg chl.m 3 , but the levels of this pigment in Obhur creek (the same area of the present study) ranged between 0.02 and 0.87 mg chl.m 3 .
Silicate levels in the study area (Fig. 7) ranged between 0.09 and 1.18 µ mol l -1 at station 1 and between 0.17-0.6 µ mol l -1 at station 2. The annual averages were 0.29 and 0.17 µ mol l -1 for station 1 and 2 respectively. Silicate showed two peaks at station 1 in early December 1997 (1.17 µ mol l -1 ) and during July 1998 (1.18 µ mol l -1 ). The peak at station 2 occurred during autumn (0.6 µ mol l -1 ). In the present study the levels of chlorophyll a varied from a low of 0.015 mg chl-a.m 3 at both stations during November 1997 and September 1998 to a high of 0.158 mg chl-a.m 3 at station 2 in October 1997. Data showed strong evidence that the production potential of the Red Sea is low. There is little nutrient input to the pelagic system from land run-off to compensate for the steady loss of nutrients by sinkage out of the production zone. The productivity is higher in the north and south where some mixing processes are known to occur. In relation to the phytoplankton variations, the increase is most pronounced in the southern half of the Red Sea between 16 to 18ºN. Differences between the central and northern parts are relatively small (Morcos, 1970) .
The nitrite concentration varied from a minimum of undetectable levels at both stations during different occasions throughout the study period to a maximum of 0.15 N-µg at/l at station 1 in December 1997 and September 1998, while the highest concentration was at station 2 during March 1998. In a study carried out by Behairy and Saad (1984) in the coastal waters of Jeddah the values of nitrites varied from the low level of 0.06 µg at/l in April to the highest concentration of 1.46 µg at.l -1 in January (polluted area, Bankalah) during 1982-83. Saad and Fahmy (1984b) have reported the chemico-physical characteristics of the coastal waters to the north of Jeddah. The dissolved nitrite concentration for the open sea water was from 0.02 to 0.23 µg at.l -1 during the short period (March and April 1983). Shaikh (1981) observed total depletion of nitrite in the waters of Obhur Creek as it was well oxygenated and did not receive sewage waste. In a similar study by Saad and Fahmy (1984a) related to the distribution of nutrient salts in coastal waters of the Red Sea between Jeddah and Yanbu the nitrite concentration ranged from 0.01 to 0.31 µg-at / l.
Average nitrite values found by Kandil (1982) in the coastal waters of the Red Sea in front of Hurgada ranged from 0.02 to 0.08 µg-at / l.
Depletion of nitrite and its low values might be attributed to the increase in nitrite oxidation to nitrate and probably its reduction to ammonia as well as nitrite uptake by phytoplankton (Kandil 1982) . The high nitrite concentrations are due possibly to the reduction of nitrate to nitrite and the oxidation of ammonia to nitrite (Grasshof 1969) . The concentration of nitrite in the sea water is useful due to its intermediate position between ammonia and nitrate. Al-Harbi et al. (1998) determined the levels of micro-nutrients in Jeddah coastal waters during the four seasons. The mean values of nitrite were higher during winter and spring months than the other seasons. The highest were recorded in March 1994 with 0.41 µg-at / l. Hariri et al. (1998) also investigated the nutrients salt at Alsalam pond of Jeddah coastal waters (Red Sea). They recorded that the nitrite low level was 0.02 µg-at / l, whereas the high was 1.15 µg-at / l. The study of Khomayis (2002) revealed the annual cycle of nitrite salts contents (0.13-0.69 µg-at / l in Obhur Creek area.
The high levels of nitrite during October 1997 accompanied with high value of chlorophyll a during the same month. Similar trend was observed during December 1997 and January 1998 for both parameters. Low level of Chlorophyll a coincided with depletion of nitrite during November 1997.
The nitrate levels in this study varied from undetectable levels at station 2 in October and November 1997 and 0.23 N-µg at/l in November 1997 at station 1, to a maximum of 1.8 and 1.88 N-µg at/l in September 1998 at station 1 and 2 respectively. Behairy and Saad (1984) have reported a large variation in the levels of nitrate concentration in coastal waters of Jeddah. Their averages at different stations, on the basis of data collected during 1982-83, ranged from 0.02 N-µg at/l to 56.37 N-µg at/l. However their study area was in front of a sewage discharge from a waste treatment plant. The high concentration of nitrate at times coincided with the discharge of effluents from the plant which may have not been treated properly. The sewage effluents usually increase the levels of nutrient salts.
In another study Saad and Fahmy (1984b) have described the chemicophysical characteristics of coastal waters to the north of Jeddah. Their dissolved nitrate concentration varied from 0.1-7.42 N-µg at/l in March and 2.62-13.92 Nµg at/l in April for the coastal waters whereas the open sea values reported by the authors at a nearby stations ranged from 0.46-3.24 N-µg at/l in March and 4.63-6.42 N-µg at/l in April. Again Saad and Fahmy (1984a) also studied the distribution of nutrient salts in the coastal waters of the Red Sea between Jeddah and Yanbu based on the data collected during 1981-82. The nitrate concentration ranged from 0.03 N-µg at/l to 4.37 N-µg at/l in May and 0.07-3.46 N-µg at/l in the month of November. They reported an irregular variation of nitrate content with depth.
Our findings of the nitrate concentration are in agreement with the previous studies where low concentrations appeared in areas which do not receive sewage waste.
Although nitrate is considered as the most stable inorganic nitrogen compound in seawater (Kandil, 1982 ) the assimilation of nitrogen by phytoplankton needs a set of transformation to form amino acids in which the substrate for these reactions are always ammonium ion (Owen and Esaias, 1976) .
In the process of nitrification in the sea, nitrate is the end product (Riley and Chester 1971) . Depletion of nitrate observed during different times may be due to increase in the rate of nitrate assimilation (Park et al., 1970 and Nicholls & MacCrimmon, 1975) and the possible reduction of nitrate. The high nitrate concentration could be due to the decrease in uptake and the possible decomposition of organic matter as well as the oxidation of nitrite to nitrate.
The decreasing trend of chlorophyll a and nitrate appeared during October 1997. The two peaks of chlorophyll a during December 1997 and July 1998 coincided with the high level during July 1998.
The major sources of ammonium input in marine environment are believed to be land runoff, zooplankton excretion or remineralization of organic matter (Ketchum 1962 and Verlenear 1987) . Sewage discharges and decomposition of animal and plant matter are also some of the main sources. Ammonium is preferred by phytoplankton as a source of nitrogen (Eppley et al., 1979 and McCarthy et al. 1977) . Morcos (1970) has reported the NH 4 concentration at deeper stations in the Red Sea which is about 2.5 NH 4 -N/l. During a survey of the Arabian Gulf by R/V Umitacomaro Cruise in December 1993 the concentration of NH 4 ranged from 0.52 to 1.36 µmol/l. The marine nitrogen cycle is complex as nitrogen in the sea occurs in many forms that are not easily converted from one to another. These include ammonium, nitrate and nitrite. The dominant form of nitrogen is nitrate ion and it is in this form that is taken up phytoplankton organisms.
In the present study the concentration of ammonia varied from a high of 1.96 µg at/l at both stations in October 1997 to a low of 0.06 and 0.07 N-µg at / l in the spring and the summer 1998 at station 1 and 2 respectively. Normally lower ammonia values should occur with lower nitrite content and vice versa. The available ammonia would be a decomposition product of organic material and not supplied from outside, as less possibility exists in the Red Sea for supply of ammonia with rain or runoff. Al-Harbi et al. (1998) found the highest mean levels of ammonia in coastal water of Jeddah during October and November 1993 (17.87 and 6.76 µg-at / l respectively). The ammonia mean concentrations in spring season (3.84-5.21 µg-at / l ) are slightly higher than in winter season (2.46-3.02 µg-at / l), but lower in autumn season. Hariri et al. (1998) investigated the ammonium nutrient salt at Alsalam pond (polluted) of Jeddah coastal waters (Red Sea). The concentrations were from 0.2 µg-at / l to 36.0 µg-at / l. The study of Khomayis (2002) revealed the annual cycle of ammonia concentrations in the coastal waters of Jeddah, which ranged between 0.2 in August to 36.0 µg-at / l in November 1993. Obhur area showed lower values with range of 0.09 to 13.13 µg-at / l which is in general with the ammonia concentrations in the present study, although the unexpected quantity of 13.13 µg-at / l.
The phosphate concentrations in the study area were found to be in the range of undetectable level to 0.94 µg at-.P l -1 . It is noticeable that high values occurred at stations 1. This could be attributed to the discharges from the residential area of the Obhur Greek. El-Rayis et al. (1982) found the average phosphorus values between 5.9-20.4 µg at-.P l -1 in coastal water in front of the city center area. Although values of El-Rayis et al. (1982) were higher than those found during this study, the values in the study area are supported by the finding of El-Rayis et al. (1982) in which average values of 0.3 µg at-.P l -1 is reported for the open seawater. This is also supported by Saad and Fahmy (1984a) where the values range from 0.1-1.38 µg at-.P l -1 .
At both stations, phosphorus showed a maximum, during autumn season. Published literature reveals that the annual cycle of phosphorous consists of maximum concentrations in the summer season (Smayda, 1957; Jefferies, 1962 and Hobbie et al., 1975) . Saad and Fahmy (1984a) found that the phosphate values ranged between 0.01 and 2.93 µg-at / l. The lowest concentration was found during May 1982, while the highest measurement was obtained during November 1982. Again in Saad and Fahmy (1984b) , the phosphate during March and April 1983 ranged between 0.07-1.38 µg-at / l. Al-Harbi et al. (1998) study the determination of phosphate in Jeddah coastal waters during the whole year. The phosphate average concentrations were almost quite similar during October 1993 (0.6 µg-at / l ) and February, March and April 1994 (0.7 µg-at / l). Hariri et al. (1998) found that the phosphate concentrations were from 0.82 µg-at / l to 6.7 µg-at / l. The study of Khomayis (2002) showed the general temporal trend of phosphate depletion during July and August and the highest in February (1.88 µg-at / l) and April (2.58 µg-at / l).
Silicate is highly important as a major nutrient for diatoms. It is present in the sea-water both in solution and in particulate form. The growth of diatoms in natural waters is regulated by the availability of silica in the dissolved form (Paasche, 1973) . Silica concentration varied between 0.05 to 1.15 µg at-.Si l -1 . The average value for Obhur creek is similar to the finding of El-Rayis et al. (1982) . Highest values occurred during autumn season at both stations, however Alharbi et al. (1998) reported absence of silica in June-December, and attributed this to the presence of the strong thermocline. The similar spatial pattern and low values which occurred during most of this study period could be attributed to the growth or the uptake of silica by diatoms (Ewins and Spencer, 1967) or the presence of strong thermocline.
In a study achieved by El-Rayies et al. (1982) the levels of silicate ranged 3.0-28.2 µg-at Si/l . The measurements of phosphate and silicate were higher in spring season rather than winter season. Saad and Fahmy (1984a) reported that silicate levels ranged 0.26-15.61 µg-at / l. Again the highest concentration of silicate was in November 1982.
The silicate parameters during March and April 1983 ranged between 1.01-5.22 µg-at / l (Saad and Fahmy, 1984b) . The investigation carried out by AlHarbi et al. (1998) showed that the silicate contents were very low during summer and autumn 1993 and quite higher in Winter and Spring 1994 (0.97 µg-at / l in February and 1.48 µg-at / l in May 1994). Hariri et al. (1998) found that the silicate concentrations were from 0.82 µg-at / l to 6.7 µg-at / l. The silicate levels in Khomayis's (2002) study ranged from the depletion to the quite clear increase in January to reach maximum concentrations of 6.32 µg-at / l in May 1994.
The present study indicated the presence of two peaks of silicate at station 1 during December 1997 and during June 1998, which, are accompanied with high levels of chlorophyll during the same period.
In general nutrients did not show any constant pattern of seasonality and were poor in concentration reflecting the oligotrophic conditions typical of the Red Sea. These variations in the concentration of nutrients indicate the fact that the distributions of phytoplankton are not uniform in the studied area. Deficiency of nutrients, specially the nitrate, is probably the main factor limiting marine primary production.
